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1 
2 
3 ABSTRACT 
4 
5 
Development of new methods for anatomy teaching is increasingly important as we look to 
7 
8 modernize and supplement traditional teaching methods. In this study, a life-size equine model, 
9 
10 "Geoff", was painted with surface and deep anatomical structures with the aim of improving 
11 
12 
students’ ability to convert theoretical knowledge into improved topographical anatomy 
13 
14 
15 knowledge on the live horse. Third and fourth year veterinary medicine students (n = 45) were 
16 
17 randomly allocated into experimental (used "Geoff") and control (used textbook) groups. The 
18 
19 
efficacy of the model was evaluated through a structured oral exam using a live horse. 
20 
21 
22 Questionnaires gathered information on student confidence and enjoyment of the task. There was 
23 
24 no significant difference in the performance of experimental and control groups either 
25 
26 immediately (44 ± 20 % vs. 40 ± 21 %; P = 0.504) or nine weeks after the learning intervention 
27 
28 
(55 ± 17 % vs. 55 ± 20 %; P = 0.980). There were however specific questions on which the 
30 
31 experimental group performed better than controls, and for which gender effects were apparent. 
32 
33 The students using "Geoff" showed a transient gain in confidence following the session (Likert 
34 
35 
scale 2.7 to 3.6) however the initial increase was no longer present at the second test. There was 
36 
37 
38 a significant influence of gender on confidence with greater confidence gains in females in the 
39 
40 Experimental group. The students found the model to be extremely useful and both groups 
41 
42 
found the sessions enjoyable. The model will be of benefit as a complementary learning tool for 
43 
44 
45 students. 
46 
47 
48 
49 Keywords: Veterinary education; undergraduate education, veterinary anatomy, topographical 
50 
51 
anatomy; models; live anatomy 
52 
53 
54 
55 
56 
57 
58 
59 
60 
North American Veterinary Licensing Examination (NAVLE). This sits in contrast to human 
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1 
2 
3 INTRODUCTION 
4 
5 
Sound anatomy knowledge and the ability to apply this to patients in a clinical context is 
7 
8 essential in medical and veterinary practice (Sugand et al., 2010; Azer, 2013). Traditionally, 
9 
10 anatomy teaching has been provided through lectures, dissections and the use of additional 
11 
12 
resources such as textbooks. Students still find dissections central in the understanding of deep 
13 
14 
15 anatomy, aiding recall and three-dimensional perception (Azer and Eisenburg, 2007). Time 
16 
17 available in the curriculum (Waterston and Stewart, 2005; Fitzgerald et al., 2008; Yammine and 
18 
19 
Violato, 2015), as well as cadaver supply and availability for students have decreased however in 
20 
21 
22 recent times (Kumar et al., 2001; Martinsen and Jukes, 2005; Chen et al., 2018). Further issues 
23 
24 surrounding cadaver use such as cost, and safety (McLachlan and Patten, 2006), as well as the 
25 
26 moral and ethical concerns surrounding dissection are also a continued consideration for 
27 
28 
educators (Kinnison et al., 2009; Woodmansey, 2016). Consequentially, in many medical 
30 
31 institutions, cadaver dissection is no longer the only, or main method, of practical anatomy 
32 
33 instruction (Drake, 2002; Drake et al., 2009; Craig et al., 2010; Watmough et al., 2010; Cho and 
34 
35 
Hwang, 2013; Topping, 2014; Halliday et al., 2015). 
36 
37 
38 
39 
40 Though some medical education establishments in modern times have moved away from 
41 
42 
dissection either partially or completely, such a dramatic shift has not yet been seen within 
43 
44 
45 veterinary education. Students are expected to be competent in elective surgeries, for example 
46 
47 spays, castration and dental surgery, on graduation (RCVS, 2014; AAVMC, 2018). In the 
48 
49 United Kingdom veterinary graduates obtain full licensure for independent practice on 
50 
51 
completion of undergraduate studies but in the United States licensure is obtained on sitting the 
52 
53 
54 
55 
56 
57 
58 
59 
60 
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1 
2 
3 medicine students who, in both the UK and US, typically complete a residency or foundation 
4 
5 
program prior to obtaining independent license. As such, cadavers retain an important role in 
7 
8 development of anatomical knowledge and surgical skills in many veterinary schools (Latorre et 
9 
10 al., 2006). Veterinary education providers still nevertheless face the time pressures of modern 
11 
12 
curricula (Hall et al., 2013), and must balance the “3Rs” (reduction, replacement, and refinement 
13 
14 
15 of animal use, as defined by Russell and Burch (1959)), with the need to provide authentic and 
16 
17 effective anatomy learning experiences for students (Hart et al., 2005; Martinsen and Jukes, 
18 
19 
2005). 
20 
21 
22 
23 
24 In order to achieve an effective balance between traditional and more ethically and economically 
25 
26 sustainable anatomy teaching methods, many novel teaching methods have been proposed and 
27 
28 
developed. These often aim not to replace traditional methods, but to complement and enhance 
30 
31 the learning experience. At the study institution, haptic technology (Kinnison et al., 2009), 
32 
33 plastination (Latorre et al., 2007), near-peer teaching (Hall et al., 2013) and physical anatomical 
34 
35 
models (Braid et al., 2012; Preece et al., 2013) have been successfully integrated into the 
36 
37 
38 veterinary anatomy curriculum. Elsewhere, body painting (Finn et al., 2011; Senos et al., 2015), 
39 
40 ultrasound (Pawlina and Drake, 2015; Jamniczky et al., 2017), three-dimensional (3D) printing 
41 
42 
(Smith et al., 2018), artistic approaches (Backhouse et al., 2017) and computer-based learning 
43 
44 
45 systems (Khalil et al., 2010) have also been shown to be effective alternatives, and add diversity 
46 
47 to the curriculum. Such a multi-modal approach may be especially important in this era of 
48 
49 “personalized” and “self-directed” learning, where educators are increasingly aware of an ever 
50 
51 
more diverse student body and the inevitable accompanying variety of learning styles and 
52 
53 
54 
55 
56 
57 
58 
59 
60 
al., 2010; DeHoff et al., 2011; Preece et al., 2016; Smith et al., 2018). The use of 3D models is 
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1 
2 
3 preferences (Entwistle and Tait, 1990; Murphy et al., 2004; O'Mahoney et al., 2016; Hernández- 
4 
5 
Torrano et al., 2017). 
7 
8 
9 
10 To successfully promote self-directed learning, provision of suitable, scaffolded (Rosenshine 
11 
12 
and Meister, 1992), and accessible supplementary learning resources is key (Smith et al., 2018). 
13 
14 
15 Historically in a pre-internet era, students will have turned to textbooks to aid their personal 
16 
17 study. Textbooks are still a popular resource choice by medical students (Choi-Lundberg et al., 
18 
19 
2015), but are potentially not optimal for learning as they can contain a level of detail that leads 
20 
21 
22 to considerable extraneous (detrimental) cognitive load upon students (Khalil et al., 2010). They 
23 
24 also use two-dimensional photographs and drawings to depict three-dimensional anatomical 
25 
26 structures. Many students find interpretation of such images difficult and struggle with 
27 
28 
translating this information onto living beings (Brenton et al., 2007). Resources that lower 
30 
31 cognitive load may be more beneficial for learning, particularly for novices (van Merriënboer 
32 
33 and Sweller, 2009). Low fidelity models present simple, representative information to the 
34 
35 
learner, making it easier to remember while maintaining the dimensionality, form and spatial 
36 
37 
38 relationships between the structures (Chan and Cheng, 2011). Meta-analyses illustrate that three 
39 
40 dimensional tools produce significantly better results in overall knowledge outcome, spatial 
41 
42 
understanding, and long term knowledge retention when compared to all other teaching methods 
43 
44 
45 (Yammine and Violato, 2015). Evidence suggests that manipulation of physical models in a 3D 
46 
47 space can significantly benefit a student’s visuospatial understanding of structures, especially 
48 
49 those structures with complex spatial relationships (Krontiris-Litowitz, 2003; Waters et al., 2005; 
50 
51 
Latorre et al., 2007; Jittivadhna et al., 2009; Motoike et al., 2009; Oh et al., 2009; Jittivadhna et 
52 
53 
54 
55 
56 
57 
58 
59 
60 
location and spatial relationships of anatomical structures on a living equine. 
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1 
2 
3 therefore an exciting area of development in anatomy education with much potential for further 
4 
5 
refinement and application. 
7 
8 
9 
10 Topographical anatomy (regional relations between structures and features), “live” anatomy 
11 
12 
(anatomy as it relates to the living animal) and “surface” anatomy (concerning the surface and 
13 
14 
15 palpable features of the body) are related dimensions of anatomy whereby a learner’s ability to 
16 
17 transition between two-dimensional (2D) and three-dimensional (3D) representations may be 
18 
19 
particularly important. Good topographical anatomy knowledge is essential for the practicing 
20 
21 
22 medic or veterinarian in order to accurately carry out clinical procedures (Azer, 2013). Locating 
23 
24 structures beneath the skin by recognizing their location and palpable characteristics (Chou et al., 
25 
26 2010) as well as identifying anatomical landmarks on the patient during clinical procedures are 
27 
28 
skills that must be acquired. Body painting has been used in human medicine (Op Den Akker et 
30 
31 al., 2002; Finn and McLachlan, 2010; Nanjundaiah and Chowdapurkar, 2012) and more recently 
32 
33 the veterinary field (Senos et al., 2015) to allow students to explore and learn surface anatomy. 
34 
35 
Body painting however, despite its richness as a learning experience, is time consuming and 
36 
37 
38 requires care and supervision to ensure the structures are marked correctly (Nanjundaiah and 
39 
40 Chowdapurkar, 2012). Body painting in animals is challenging, since live animals are often 
41 
42 
reluctant to stay still for the required duration. Live animals are often not available in large 
43 
44 
45 numbers to allow all students to participate in such an activity (whereby in medical education 
46 
47 students can participate as models themselves). In this study therefore, a permanently painted 
48 
49 life size anatomical model was proposed, created and evaluated, to assess if 2D anatomical 
50 
51 
representations on a life sized 3D model could help veterinary students learn to identify the 
52 
53 
54 
55 
56 
57 
58 
59 
60 
and during these two years students participate in approximately 13 hours of prosection 
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1 
2 
3 It was hypothesized that studying the painted equine model would significantly enhance a 
4 
5 
student’s ability to apply anatomical knowledge onto a live horse, when compared to students 
7 
8 using traditional methods. Secondly, it was hypothesized that any learning benefits from using 
9 
10 the model horse would still be apparent several weeks after use of the model horse (enhance 
11 
12 
medium term knowledge retention). Thirdly, it was hypothesized that use of the model horse 
13 
14 
15 would increase student self-reported confidence and enjoyment during the learning experience 
16 
17 when compared to those learning topographical anatomy via traditional methods. 
18 
19 
20 
21 
22 MATERIALS AND METHODS 
23 
24 
25 
26 Educational Context 
27 
28 
The course studied is a five-year undergraduate degree in Veterinary Medicine at the Royal 
30 
31 Veterinary College, University of London, UK. The program follows an integrated (both 
32 
33 horizontally and vertically) body-systems based curriculum, with strong emphasis on self- 
34 
35 
directed learning (Knowles, 1975) and professional skills development (Dale et al., 2008). 
36 
37 
38 Anatomy is taught heavily integrated with physiology, biochemistry, and clinical science, and as 
39 
40 such lectures featuring solely anatomy are rare. Practical anatomy is an important part of the 
41 
42 
program, and is taught principally through both prosection and dissection, dependent on the 
43 
44 
45 region and experience of the students. In addition, students undertake Integrated Structure and 
46 
47 Function (ISF) tutorials with live animals which highlight topographical anatomy, and revisit 
48 
49 basic and clinical science concepts in the context of a live animal. Anatomy teaching is biased 
50 
51 
towards the first two years of the course (though is revisited in clinical context in later years), 
52 
53 
54 
55 
56 
57 
58 
59 
60 
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1 
2 
3 practicals, 42 hours of dissection, and 3 hours of ISF tutorials. These sessions cover all body 
4 
5 
systems sequentially, and include the major veterinary species (dog, horse, and ruminant) as well 
7 
8 as a small ‘exotic’ species component (including birds, rabbits, fish, and reptiles). As anatomy 
9 
10 teaching is integrated throughout the program it is not examined as a separate entity – summative 
11 
12 
assessments, which all take place at the end of the academic year, integrate all systems-based 
13 
14 
15 teaching. Anatomy features in every assessment type (multiple choice questions [MCQs], 
16 
17 problem solving short-answer questions [PSQs], essays), however its most rigorous and valid 
18 
19 
assessment is during ISF oral examinations – an end-of-year semi-structured oral examination, 
20 
21 
22 which takes place in the dissection room utilizing specimens and live animals. 
23 
24 
25 
26 Model creation 
27 
28 
A standard life size commercially available fiberglass horse (Shires Equestrian Products, 
29 
30 
31 Leominster, Herefordshire, UK), affectionately named “Geoff” by veterinary students, was 
32 
33 painted using acrylic paint (Figure 1). The design depicted a 2D representation of both surface 
34 
35 and deep anatomy, using textbooks and photographs from whole horse dissections for reference. 
36 
37 
38 Each side of the horse was painted to convey different aspects of anatomy creating as many 
39 
40 views and layers as possible within the space available. The model was photographed, and 
41 
42 labelled flashcards showing anatomical structures and auscultation landmarks were created in 
43 
44 
Microsoft PowerPoint (Microsoft Corp, Redmond WA), printed, laminated and provided for 
45 
46 
47 students to use during the learning exercise. After the study these flashcards were made available 
48 
49 for all students to use to deliver an opportunity for self-directed learning of equine anatomy at 
50 
51 
any stage of the veterinary medicine course. 
52 
53 
54 
55 
56 
57 
58 
59 
60 
limbs and vertebral column; Show the position of the superficial musculature, and major tendons 
 
6 
29 
 
 
 
1 
2 
3 Initial Investigations. 
4 
5 
Data were collected at the Royal Veterinary College, London, UK, following approval from the 
7 
8 RVC Ethics and Welfare committee. An initial questionnaire was distributed to final year 
9 
10 students on the Bachelor of Veterinary Medicine course which was used to highlight the areas of 
11 
12 
equine anatomy these advanced students found most challenging and to identify the resources 
13 
14 
15 that they commonly used to learn anatomy – the responses to the latter question were used to 
16 
17 inform the textbook used for the control group in this study. 
18 
19 
20 
21 
22 Participants. 
23 
24 Students were recruited to the study by invitation, sent via email to all third and fourth year 
25 
26 students on the Bachelor of Veterinary Medicine course (270 students and 238 students 
27 
28 
respectively; 21 % male and 79 % female). These year groups were chosen since at this stage of 
30 
31 the course students had undertaken anatomy teaching of all body systems, and completed all 
32 
33 dissections and live animal tutorials. The two cohorts were therefore identical in the formal 
34 
35 
anatomy teaching they had received to date and differed only in the amount of clinical teaching 
36 
37 
38 they had received (with fourth year students having completed 10 weeks of extra mural studies 
39 
40 placements within veterinary practices). None of the students had started structured rotational 
41 
42 
clinical teaching within the institution. 
43 
44 
45 
46 
47 Forty-five volunteer students were randomly allocated into the experimental group (n = 24; year 
48 
49 3 = 10, year 4 = 14), or the control group (n = 21; year 3 = 13, year 4 = 8). Both groups were 
50 
51 
provided the same set of learning objectives: Identify the location of the bones and joints of the 
52 
53 
54 
55 
56 
57 
58 
59 
60 
Cronbach alpha for the test was 0.751, above the threshold of 0.70, indicating reliability of the 
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1 
2 
3 of the thoracic and pelvic limbs; Identify the paths of the nerves of the distal limb; Identify the 
4 
5 
location of the heart and the individual valves within it; Identify the sites of venipuncture in the 
7 
8 horse; Outline the topographical anatomy of the gastrointestinal system. The experimental group 
9 
10 were given "Geoff", the model horse, accompanied by laminated cards depicting labelled images 
11 
12 
of “Geoff”; the control group were each given a copy of the textbook Veterinary Anatomy of 
13 
14 
15 Domestic Mammals (König and Liebich, 2007). Study groups of approximately 6 students were 
16 
17 given 30 minutes to address the learning objectives with the resources provided. Students were 
18 
19 
requested to converse within their groups to simulate peer-to-peer learning, as expected in an 
20 
21 
22 authentic self-directed learning session. 
23 
24 
25 
26 Model Evaluation 
27 
28 
Questionnaire 
30 
31 Prior to the learning opportunity, students were provided with a questionnaire (S1, 
32 
33 Supplementary Information) to evaluate their learning preferences, their practical equine 
34 
35 
experience, and confidence in their equine anatomy knowledge/application. The questionnaire 
36 
37 
38 used a five-point Likert scale. Cronbach alpha for the questionnaire was 0.809, above the 
39 
40 threshold of 0.70, indicating reliability. 
41 
42 
43 
44 
45 Knowledge Test 
46 
47 Following the learning opportunity, students were individually tested on their learning using a 10 
48 
49 item test that was developed in conjunction with anatomy teaching staff and initially piloted on a 
50 
51 
small selection of final year students (See Table S2 for questions and associated scoring). 
52 
53 
54 
55 
56 
57 
58 
59 
60 
 
6 
29 
 
 
1 
2 
3 test instrument. The Kendall’s Tau B coefficient for the test was 0.376 which was significant (P 
4 
5 
= 0.02), demonstrating validity. The test took the form of a structured oral examination using a 
7 
8 live horse, and was ten minutes long.  Questions required students to identify anatomical 
9 
10 landmarks on the horse and in some cases to discuss clinical or functional significance of this 
11 
12 
anatomy. The examiners were two members of teaching staff who were fully briefed on the 
13 
14 
15 process and blinded to which group the students belonged. 
16 
17 
18 
19 
The questionnaire was re-administered following testing. At this point, the questionnaire also 
20 
21 
22 asked students to rate their enjoyment of the exercise. The experimental group were additionally 
23 
24 asked how useful they found the model horse in the context of the university teaching resources 
25 
26 already available. A free text comment box was provided for any further information that 
27 
28 
participants wished to provide. 
30 
31 
32 
33 All volunteers were invited to return nine weeks later to repeat the live horse testing (same test) 
34 
35 
to assess medium-term knowledge retention. 22 out of the original 45 returned with 10 students 
36 
37 
38 from the experimental group, and 12 from the control group. Similar proportions of Year 3 and 4 
39 
40 students were retained at the returning session (12 Year Three students and 10 Year Four 
41 
42 
students). The questionnaire to assess confidence, enjoyment and usefulness of the activity was 
43 
44 
45 repeated at this second testing occasion. Students were not provided any feedback or informed of 
46 
47 their test scores until after the second testing occasion, and examiners were instructed to take 
48 
49 care not to give feedback or cues during either testing session. 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
grouped the measures of enjoyment and future use of the model. Factor loadings for each 
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1 
2 
3 Data analysis. 
4 
5 
Factor Analysis 
7 
8 Factor analysis of both the test and questionnaire was undertaken in order to determine whether 
9 
10 there were distinct constructs within the data. Bartlett’s Test of Sphericity and Kaiser-Meyer- 
11 
12 
Olkin (KMO) measure of sampling adequacy (Beavers et al., 2013) were first computed to 
13 
14 
15 ensure the data were suitable for factor analysis. Factor analysis was undertaken using the 
16 
17 Principal Components method with oblique rotation (direct oblimin) in IBM SPSS Statistics 
18 
19 
Version 24 (IBM Corp. in Armonk, NY). The Kaiser Criterion Method in conjunction with a 
20 
21 
22 Scree Plot (Baryla et al., 2012) were used to identify the number of factors to retain. 
23 
24 
25 
26 Factor analysis was justified for the test by a KMO measure of 0.611 and a Bartlett’s 
27 
28 
significance of P < 0.0001. Initial analysis identified four factors, explaining 66 % of the 
30 
31 variance in the data. However, one factor contained only one item (Question 4). This item was 
32 
33 removed from the analysis, however the following three factor solution was identical to the 
34 
35 
previous iteration and only explained 58 % of the variance in the data. Therefore the four factor 
36 
37 
38 solution was retained (Table S3, supplementary information). Follow up statistical analysis of the 
39 
40 four constructs as defined by the factor analysis solution was not undertaken as there was no 
41 
42 
clear conceptual rationale for the identified solution. 
43 
44 
45 
46 
47 Factor analysis was justified for the questionnaire by a KMO measure of 0.68 and Bartlett’s test 
48 
49 significance of P < 0.0001. Two factors were identified which explained 91 % of the variance, 
50 
51 
one which mapped strongly to the three questions pertaining to confidence levels; the other 
52 
53 
54 
55 
56 
57 
58 
59 
60 
scores, as well as questionnaire item responses were compared at each test occasion between 
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1 
2 
3 component of the questionnaire are provided in Table 1. When considered as separate constructs, 
4 
5 
the Cronbach alpha statistic for the “confidence” and “enjoyment” items increased to 0.889 and 
7 
8 0.862 respectively. The Kendall’s Tau B coefficients for the items within each of these 
9 
10 constructs ranged from 0.559 to 0.721 for the “confidence” items, and was 0.575 for the 
11 
12 
“enjoyment” items (all significant, P < 0.0001). This demonstrated validity of the survey 
13 
14 
15 instrument. 
16 
17 
18 
19 
Test scores 
20 
21 
22 The data were assessed by histogram and using a D’Agostino and Pearson normality test 
23 
24 (D’Agostino, 1986). Test score was found to be normally distributed thus differences in test 
25 
26 scores between treatment groups at each test occasion were analyzed using independent t tests. 
27 
28 
Data for individual questions were found to be a mixture of normally and non-normally 
30 
31 distributed data and so differences in individual question scores between treatment groups, at 
32 
33 each test occasion, were all assessed using a Mann-Whitney U test, accepting some loss of power 
34 
35 
on the three questions containing normal data. Following this, further analysis of test scores 
36 
37 
38 between test occasions was undertaken solely using the data from participants who returned for 
39 
40 the second test occasion. For this, a paired students t-test and Wilcoxon Signed Rank test were 
41 
42 
used to compare the pre-post test scores, and the non-normally distributed individual question 
43 
44 
45 scores respectively. The Pearson Product Moment Correlation Coefficient was also calculated to 
46 
47 assess the degree of association between test scores at each testing occasion. 
48 
49 
50 
51 
A separate analysis was conducted to assess the influence of gender on learning outcomes. Test 
52 
53 
54 
55 
56 
57 
58 
59 
60 
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1 
2 
3 male and female participants using independent t- tests. Gender influence on scores for 
4 
5 
individual questions (data not normally distributed), and when the data file was further split by 
7 
8 experimental group (due to the small group sample sizes) was assessed using a Mann-Whitney U 
9 
10 test. 
11 
12 
13 
14 
15 Questionnaire Data 
16 
17 Likert scale responses on the questionnaire data were found to be normally distributed and were 
18 
19 
therefore treated as continuous data (Sullivan and Artino, 2013). Questionnaire responses were 
20 
21 
22 compared at each testing stage between the control and treatment groups by means of 
23 
24 independent t-tests. Paired t tests were used to measure changes in questionnaire item responses 
25 
26 from pre to post learning intervention, and between the first and second testing sessions. 
27 
28 
Analysis of questionnaire responses was conducted for individual questions, as well as for the 
30 
31 combined data for each of the two identified individual constructs, “confidence” and 
32 
33 “enjoyment” (combined data are presented as means across the construct component scores 
34 
35 
rather than as summed values). All statistical tests were conducted in IBM SPSS Statistics 
36 
37 
38 Version 24 (IBM Corp. in Armonk, NY) and the P-value was set at 0.05. 
39 
40 
41 
42 
RESULTS 
43 
44 
45 Participant demographics 
46 
47 Forty-five students volunteered for the study, of which 82 % (n = 37) identified as female and 18 
48 
49 % (n = 8) male. Gender distribution between study groups was broadly equivalent (83 % [n = 20] 
50 
51 
female within the intervention group, and 81 % [n = 17] female within the control group). 
52 
53 
54 
55 
56 
57 
58 
59 
60 
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1 
2 
3 Topographical Anatomy Performance 
4 
5 
Test performance was similar for both Experimental and Control groups immediately after the 
7 
8 learning intervention. Mean total test scores for the Experimental group, (11 ± 5 or 44 ± 20 %; 
9 
10 mean ±SD), were not significantly different (P = 0.504; Cohen’s d = 0.2 [Confidence Interval 
11 
12 
0.39 – 0.79]) from those of the Control group (10 ± 5; 40 ± 21 % (Figure 2). Neither group 
13 
14 
15 exceeded the institutional pass mark for this level of 50 %. There was no effect of year of study 
16 
17 on immediate post-test performance (Year three 12 ± 6 vs Year four 9 ± 2; Cohen’s d = -0.6 [-1.2 
18 
19 
- -0.02]; P = 0.116). 
20 
21 
22 
23 
24 Nine weeks later, the performance of Experimental versus Control groups was similar (P = 
25 
26 0.980). Both groups improved upon their original test scores after nine weeks (Experimental 
27 
28 
group 14 ± 4 or 55 ± 17 %; Control group 14 ± 5 or 55 ± 20 %). The apparent increase in 
30 
31 medium term knowledge was not significant for the experimental group (P = 0.234) despite a 
32 
33 large effect size (Cohen’s d = 1.2 [0.25 - 2.15]) however, the control group showed a significant 
34 
35 
and moderate increase in performance (P = 0. 038; Cohen’s d = 0.7 [-0.1 - 1.6]; Figure 2). There 
36 
37 
38 was a strong and significant correlation between first and second test scores for the experimental 
39 
40 group (r = 0.875, P < 0.0001) but no significant correlation for the control group (r = 0.359, P = 
41 
42 
0.251). There was no effect of year of study on medium term test performance (Year three 14 ± 
43 
44 
45 5 vs Year four 13 ± 4; Cohen’s d = 0.2 [-1.0 - 0.6]; P = 0.737). 
46 
47 
48 
49 Results by individual question can be found in Table S4, supplementary information. 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
considering only the sample of students who returned for the follow up test nine weeks later, the 
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1 
2 
3 Gender Influence on Anatomy Test Performance 
4 
5 
There were no gender influences on overall test scores for either Experimental or Control groups 
7 
8 (Figure 2). Both Question 5 (initial test occasion) and Question 3 (second test occasion) showed 
9 
10 an effect of gender. For question 5, with all participants combined, male participants performed 
11 
12 
significantly better than female participants (2 ± 1 vs 1 ± 1; P = 0.044; Cohen’s d = 0.97 [0.18 - 
13 
14 
15 1.76]), however when the participants were grouped by study method, or when only returning 
16 
17 participants were considered, there was no longer a significant gender effect. For question 3 
18 
19 
(medium term), female participants performed significantly better than males (1 ± 1 vs 0 ± 1; P = 
20 
21 
22 0.023; Cohen’s d = 1.3 [-0.2 - 2.3]); when broken down by study method, this difference was 
23 
24 still significant in the Experimental group (P = 0.021; Cohen’s d = 2.1 [-0.5 - 3.7]) but not in the 
25 
26 control group (P = 0.423), however only two male participants were present in the control group 
27 
28 
at this test occasion. 
30 
31 
32 
33 Self-reported questionnaire measures 
34 
35 
Confidence 
36 
37 
38 There was initially no significant difference in students’ self-reported confidence in anatomy 
39 
40 knowledge between Experimental and Control groups. This was evidenced by similar scores for 
41 
42 
the ‘Confidence’ construct for both experimental and control groups (2.7 ± 0.7 and 2.7 ± 0.6) 
43 
44 
45 respectively (P = 0.899; Figure 3). 
46 
47 
48 
49 Following the learning exercise, there was no difference in reported confidence between the 
50 
51 
experimental group and control group (3.1 ± 0.9 versus 2.7 ± 0.8; P = 0.099). However, when 
52 
53 
54 
55 
56 
57 
58 
59 
60 
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1 
2 
3 experimental group rated their confidence higher than the control group (3.6 ± 0.8 vs 2.8 ± 0.6 ; 
4 
5 
P  = 0.031; Cohen’s d = 1.1 [0.1 - 2.0]; Figure 3). There was resultantly a significant but 
7 
8 moderate  increase  in  reported  confidence  between  pre-  and  post-  test  occasions  in  the 
9 
10 experimental group (P = 0.024; Cohen’s d = 0.5 [0.04 - 1.0]).  The control group did not report a 
11 
12 
change in confidence between pre and post testing (P = 0.596; Figure 3).  When answers to the 
13 
14 
15 individual aspects of confidence were considered, the effects seen could be attributed principally 
16 
17 to  differences  in  both  confidence  visualizing  three-dimensional  structures,  and  confidence 
18 
19 
identifying structures on a live horse.  These aspects of confidence improved from pre to post 
20 
21 
22 exercise in the experimental group (3D structures: P = 0.016, Cohen’s d = 0.3 [0.13 - 0.8]; Live 
23 
24 horse: P = 0.025, Cohen’s d = 0.5 [0.1 – 1.0]), but not the control group (P > 0.05). This resulted 
25 
26 in significant differences between groups at the post exercise test occasion (3D, P  = 0.011; 
27 
28 
Cohen’s d = 0.34 [0.5 – 1.3]; Live horse, P = 0.041, Cohen’s d = 1.1 [0.2 – 2.1]).  Conversely, 
30 
31 confidence in identifying structures on images did not change between test occasions, for either 
32 
33 group (P > 0.05). 
34 
35 
36 
37 
38 After nine weeks, student confidence within the experimental group fell to within pre exercise 
39 
40 levels (Figure 3). ‘Medium term’ confidence of Experimental and Control groups was not 
41 
42 
significantly different from pre exercise (P = 0.343, P = 0.475), or immediate post exercise (P = 
43 
44 
45 0.148, P = 0.832) values. Additionally, there was no difference between the reported confidence 
46 
47 of the two groups at this time point (P = 0.457; Figure 3). 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
structures in the male participants (3.3 ± 0.9 versus 2.5 ± 0.7; P = 0.013, Cohen’s d = 1.1 [0.3 – 
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1 
2 
3 Enjoyment 
4 
5 
Reported enjoyment of the learning exercise did not significantly differ between Experimental 
7 
8 and Control groups (P = 0.294; Figure 4). Both Experimental and Control groups seemed to 
9 
10 enjoy the exercise with 71 % and 62 % of students respectively selecting that they found the 
11 
12 
exercise “enjoyable”. Only 8 % of students that used the model horse responded that they did not 
13 
14 
15 enjoy the exercise; this proportion was higher (but not significantly so) in the Control group (19 
16 
17 %). 
18 
19 
20 
21 
22 Students in the Experimental group suggested that “Geoff” was a useful addition to anatomy 
23 
24 learning resources.  60% of students identified the model horse as “very useful” and a further 
25 
26 30% as “useful”. Despite this, when asked, no student from either group had used the model 
27 
28 
horse between the two testing sessions in their own time. Students who returned for follow up 
30 
31 testing after nine weeks were asked to rate how useful the exercise was for improving long term 
32 
33 anatomical knowledge. There was no significant difference in response to this question between 
34 
35 
the two groups (P = 0.801). 
36 
37 
38 
39 
40 Gender influence on survey responses 
41 
42 
Gender was found to influence participant self-reported confidence levels, but no other survey 
43 
44 
45 responses. In the whole cohort of students, mean self-reported confidence prior to the learning 
46 
47 intervention differed between male and female participants (Figure 3). Females reported a 
48 
49 confidence score of 2.6 ± 0.7 compared to 3.2 ± 0.6 in male participants (P = 0.035; Cohen’s d = 
50 
51 
0.8 [0.1 – 1.6]). This was predominantly due to a higher initial confidence in visualization of 3D 
52 
53 
54 
55 
56 
57 
58 
59 
60 
to a control study method. The model was however at least as beneficial as the textbook, since 
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1 
2 
3 1.9]). Female participant confidence increased however after the learning activity (P = 0.018, 
4 
5 
Cohen’s d = 0.5 [0.1 – 0.9]), whereas this was not the case for males (P > 0.05). This was 
7 
8 particularly evident in the experimental group (P = 0.016, Cohen’s d = 0.6 [0.03 – 1.2]) and not 
9 
10 in the control group (P > 0.05). Again, this increase in confidence was predominantly 
11 
12 
attributable to female experimental group participants in the domain of visualizing 3D structures 
13 
14 
15 (P = 0.019, Cohen’s d = 0.8 [0.2 – 1.30]) 
16 
17 
18 
19 
When considering only data from the cohort that returned nine weeks later there were no 
20 
21 
22 significant gender differences in pre- exercise confidence levels (Figure 3; P > 0.05). However 
23 
24 after completing the exercise, males reported significantly higher confidence levels in visualizing 
25 
26 3D structures than females (P = 0.031, Cohen’s d = 1.1 [0.1 – 2.1]). This gender difference was 
27 
28 
found in the control group only, where both general “confidence” levels, as well as confidence 
30 
31 in 3D visualization were significantly higher in male participants with a strong effect size 
32 
33 (Confidence: P = 0.03, Cohen’s d = 3.0 [1.1 – 5.0]; 3D: P = 0.015, Cohen’s d = 3.2 [1.2 - 5.1]). 
34 
35 
The significant pre-post increase in confidence levels in female experimental group participants 
36 
37 
38 was still present when considering only this returning cohort of students (P = 0.045). 
39 
40 
41 
42 
43 
44 
45 DISCUSSION 
46 
47 Topographical Anatomy Performance 
48 
49 The results of this study highlight that the use of a painted model horse did not significantly 
50 
51 
enhance the topographical anatomy knowledge in veterinary medicine students when compared 
52 
53 
54 
55 
56 
57 
58 
59 
60 
surface anatomy, on a live animal, in a clinical context.  Factor analysis of the test was unable to 
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1 
2 
3 student test scores post learning exercise were similar regardless of study method. The lack of 
4 
5 
difference between Experimental and Control groups falls in contrast to a similar study of 
7 
8 comparable design (Braid et al., 2012) which found 16 % higher performance in students who 
9 
10 had used a model horse wearing an anatomical rug depicting anatomical structures compared to 
11 
12 
those studying using textbooks alone. On initial inspection the learning exercises in the two 
13 
14 
15 studies appear similar – using color and simple illustration on a life size model to aid learning. 
16 
17 However a key difference is that the “Anatorug” (Braid et al., 2012) was interactive, allowing 
18 
19 
students to stick labels to the rug. This simple addition of an “active” component to the resource 
20 
21 
22 may account for the apparent greater efficacy of the “Anatorug” over the painted model in the 
23 
24 current study.  Indeed, literature shows that anatomical models requiring interaction from the 
25 
26 student have superior outcomes to traditional methods (e.g., Preece et al., 2013). The importance 
27 
28 
of an active component in resource design is also illustrated by the success of other popular 
30 
31 modern methods for supplementing traditional anatomy teaching methods, e.g., clay modelling 
32 
33 (Krontiris-Litowitz, 2003; Motoike et al., 2009; Oh et al., 2009; Estevez et al., 2010; DeHoff et 
34 
35 
al., 2011) and body painting (McLachlan and Regan De Bere, 2004; McMenamin, 2008; Finn et 
36 
37 
38 al., 2011) and is likely one of the reasons why cadaver dissection is still considered, despite its 
39 
40 challenges, a “Gold standard” teaching methodology for many. 
41 
42 
43 
44 
45 Another reason for the lack of improved performance in students in the Experimental group may 
46 
47 be the integrated nature of the test questions used for evaluation. Questions tested clinical 
48 
49 anatomy, topographical anatomy, as well as basic anatomical factual knowledge. The test as a 
50 
51 
result required students to bring their existing knowledge, and combine it with topographical and 
52 
53 
54 
55 
56 
57 
58 
59 
60 
their working memory. Learners can therefore influence the effectiveness of transferring 
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1 
2 
3 separate these constructs for in depth analysis. Future studies could look to modify the 
4 
5 
assessment rubric to explicitly assess these elements separately and to facilitate better 
7 
8 exploration of how “Geoff” or similar models enrich teaching and learning outcomes. 
9 
10 
11 
12 
Medium-term retention 
13 
14 
15 Medium-term test scores were collected since immediate testing after a learning intervention 
16 
17 may not appropriately measure true learning (i.e. committal to long term memory), and instead 
18 
19 
may better reflect short term recall from working memory. When a learner engages with a 
20 
21 
22 resource, information initially passes into working memory (Miller, 1956). The working memory 
23 
24 provides temporary storage and processing of ‘to be learned’ information. Here, information is 
25 
26 packaged into manageable pieces, for integration with existing knowledge into long term 
27 
28 
memory (Baddeley, 1997; Young et al., 2014). Working memory has a finite capacity when 
30 
31 dealing with new information (Miller, 1956) both in terms of amount and duration. Individuals 
32 
33 also have differing abilities to process information in working memory and these differences can 
34 
35 
affect performance (Meinz and Hambrick, 2010). Long term memory however is a knowledge 
36 
37 
38 base with, theoretically, a relatively unlimited capacity, and so once information is transferred to 
39 
40 long term memory, individual differences are of lesser consequence (Sweller, 2016). 
41 
42 
43 
44 
45 To encode information into long-term memory, students usually try to understand new 
46 
47 information by processing it at a “deeper” level (Craik and Lockhart, 1972), by thinking about its 
48 
49 meaning and linking it to existing knowledge (elaborative rehearsal). Students who rely on rote 
50 
51 
memorization (maintenance rehearsal), are instead trying to keep the information for longer in 
52 
53 
54 
55 
56 
57 
58 
59 
60 
memory may have underperformed at the initial testing session (and conversely those with good 
 
6 
29 
 
 
1 
2 
3 information from working to long term memory and instructional strategies that promote 
4 
5 
successful processing in working memory will enhance learning and understanding (Khalil et al., 
7 
8 2005). This phenomenon forms the basis of Cognitive Load Theory which suggests that effective 
9 
10 learning will occur when instructional conditions are aligned with a learner’s cognitive 
11 
12 
architecture (Sweller, 1988; Sweller and Chandler, 1991, 1994; Sweller, 1999; Paas et al., 2003). 
13 
14 
15 Instructional design that produces extraneous cognitive load (e.g. through inappropriate 
16 
17 instructional design) can overload working memory and inhibit successful organization and 
18 
19 
transfer of schemata to long term memory (Sweller, 2016; Pickering, 2014). 
20 
21 
22 
23 
24 Mean test scores increased between test occasions, for both groups in this study, suggesting that 
25 
26 students were successful in transferring knowledge from that committed to working memory into 
27 
28 
longer term memory. Further analysis however suggests that there may be differences in 
30 
31 outcomes of students using the physical model horse versus a textbook in terms of effective 
32 
33 learning.  All participants using “Geoff” appeared to consistently successfully transfer 
34 
35 
information into longer term memory: the strong and significant correlation between initial and 
36 
37 
38 medium-term test scores in the Experimental group indicates that follow-up performance was 
39 
40 predictable and maintained across all individuals. The equal benefit between students in this 
41 
42 
group infers that conditions (student motivation/ learning strategies, and instructional design) 
43 
44 
45 encouraged successful learning to take place. There was no correlation between initial and 
46 
47 medium-term scores however in the Control group, highlighting inconsistent performance gains, 
48 
49 or perhaps specific gains only for some individuals. One interpretation of this is that using a 
50 
51 
textbook may impose extraneous cognitive load, and therefore individuals with poorer working 
52 
53 
54 
55 
56 
57 
58 
59 
60 
extended summer period. The test may have been too challenging, though was designed to 
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1 
2 
3 working memory may have over performed). An alternative might be that individual study 
4 
5 
strategies were more varied in the control group, with some students using the text book relying 
7 
8 on rote memorization instead of deeper learning strategies. Future studies should aim to explore 
9 
10 this hypothesis, and consider working memory capacity, and student study strategies as variables 
11 
12 
in studies that evaluate educational interventions. 
13 
14 
15 
16 
17 It is plausible that some test-retest effect may have accounted for some of the improvement seen 
18 
19 
at the later test occasion (Bjork, 1988; Karpicke and Blunt, 2011; Roediger and Butler, 2011), in 
20 
21 
22 particular since the form of assessment was highly valid (using a live horse) and potentially a 
23 
24 rich learning experience in itself (oral examination) – despite the lack of immediate feedback. 
25 
26 
27 
28 
29 General student  performance 
30 
31 The purpose of this study was not to teach topographical anatomy as if encountered for the first 
32 
33 time; moreover, the resources were used as a revision aid for third year veterinary students at the 
34 
35 
start of their clinical years of teaching. It is striking therefore that neither the experimental nor 
36 
37 
38 the control group succeeded in achieving an average score of above 50% in this study, 
39 
40 highlighting how challenging many students find such material. This is significantly below the 
41 
42 
level of knowledge expected at this stage in the course and shows that, as has been documented 
43 
44 
45 in the medical and veterinary professions (Waterston and Stewart, 2005; Fitzgerald et al., 2008; 
46 
47 Bhangu et al., 2010; Braid et al., 2012; Preece et al., 2013), the anatomy knowledge of students 
48 
49 is often disappointing. This study took place in the first week of term, so one explanation for 
50 
51 
poor performance is that students may have forgotten some of their anatomy teaching over the 
52 
53 
54 
55 
56 
57 
58 
59 
60 
individual structures, and without a real sense of depth. It is thought that the ability of the 
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1 
2 
3 reflect the learning objectives covered and already assessed during the first two years of the 
4 
5 
course. The specific study task presented to students may also have been too large a volume to 
7 
8 cover during the time allocated (despite this being a revision exercise). This is substantiated by 
9 
10 free comments from one student asking for more time and two students who thought repeating 
11 
12 
the exercise would be useful. It would be interesting to study the influence of increased time 
13 
14 
15 with the resource, and over a prolonged period of study. Interaction at earlier stages of the 
16 
17 course may also provide better knowledge improvements (Sugand et al., 2010), as may the 
18 
19 
provision of stricter guidance during teaching sessions; clear guidance has previously resulted in 
20 
21 
22 enhanced learning over the self-directed method utilized here (Kooloos et al., 2012). 
23 
24 
25 
26 It requires significant cognitive effort to achieve a thorough knowledge of anatomical structures 
27 
28 
and their relationships (Moxham et al., 2011). General notes made by the examiners in this study 
30 
31 found that a common theme across the student body was that students could name and identify 
32 
33 structures, however they failed to apply their anatomical knowledge correctly to the live horse. 
34 
35 
For example, many appreciated the shape and orientation of the equine caecum, however they 
36 
37 
38 were unsure on which side of the horse this lay. This is illustrated by the extremely low scores 
39 
40 for this question in every group on both occasions (Table S4, supplementary information). The 
41 
42 
2D nature of textbooks makes them poor at illustrating 3D spatial relationships. The painted 
43 
44 
45 model horse was created as a life size equine replica, with the aim of improving direct 
46 
47 application of knowledge to the clinical situation. As accurate as possible in the anatomy it 
48 
49 depicts, “Geoff” can only illustrate selected structures in each region. It is not truly a 3D model - 
50 
51 
moreover a 2D representation painted onto a 3D structure, lacking multiple viewpoints of 
52 
53 
54 
55 
56 
57 
58 
59 
60 
testing had waned and returned to pre-learning levels by the second test occasion, suggesting that 
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1 
2 
3 student to control and alter the viewpoint is one of the major benefits of a 3D model for anatomy 
4 
5 
learning (Garg et al., 2001) and this may account for the relative lack of efficacy of this model on 
7 
8 this occasion in aiding students form such spatial relationships. Moreover, Geoff does not strictly 
9 
10 depict surface landmarks, or allow palpation of surface structures, which might be key in 
11 
12 
enabling students to form the link between 2D, 3D, topographical and surface anatomy. 
13 
14 
15 
16 
17 Student  Confidence 
18 
19 
Following successful teaching, with improved competency student confidence should increase 
20 
21 
22 (Butter et al., 2007). The data support the hypothesis that confidence would be improved by 
23 
24 using the model horse. Many studies have previously shown increases in student confidence 
25 
26 when learning from topographic models (McMenamin, 2008; Braid et al., 2012). However, the 
27 
28 
increase in experimental group confidence alongside limited improvement in learning outcomes, 
30 
31 presents a conflict, and a cautious tale for researchers looking to use student-reported outcomes 
32 
33 alone in assessing the efficacy of learning interventions. It also highlights the phenomenon of 
34 
35 
“unconscious incompetence” and the importance of developing metacognitive skills in students 
36 
37 
38 on a professional program.  In this study, student test scores were significantly below desirable, 
39 
40 and certainly below the threshold for a 'pass' grade in a summative examination at this 
41 
42 
institution. Students yet considered themselves confident in their anatomy knowledge. Surgical 
43 
44 
45 residents are one group that have previously been found to be falsely confident in their abilities 
46 
47 (Bowyer et al., 2015), and future studies should consider how educators can best promote 
48 
49 accurate and reflective self-assessment alongside self-directed teaching resources such as 
50 
51 
“Geoff”. Interestingly, the confidence that the experimental group had gained during the first 
52 
53 
54 
55 
56 
57 
58 
59 
60 
that are congruent with the image or word they are associated with have a positive impact on 
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1 
2 
3 the confidence gained from using “Geoff” was a short term emotion and that without the 
4 
5 
concomitant enhancement in knowledge, this confidence did eventually return to match the 
7 
8 student’s own ability. 
9 
10 
11 
12 
Gender Influence 
13 
14 
15 Observed effects of gender on test scores were minimal, with the exception of question five and 
16 
17 three. Question five asked the student to identify the patella ligaments on the live horse, and was 
18 
19 
answered better by male participants. The patella ligaments are palpable on the cranial aspect of 
20 
21 
22 the stifle joint which is a highly sensitive region for some horses. Palpation of these structures 
23 
24 can cause horses to become agitated or kick out with their hind limbs. Therefore it is possible 
25 
26 that the better performance of male participants on this question may relate to gender typical 
27 
28 
attitudes and perceptions towards danger (Harris and Miller, 2000). Educators should potentially 
30 
31 be aware of such gender bias when using assessment forms which integrate ‘hidden curriculum’ 
32 
33 (Hafferty, 1998; Roder and May, 2017) elements, or non-assessed skills such as animal handling, 
34 
35 
alongside assessment of basic or clinical science outcomes. Question three required the student 
36 
37 
38 to indicate the location of the lumbar vertebrae. Females in the experimental group performed 
39 
40 better on this question, though the reason for this is unclear. The lumbar vertebrae in the model 
41 
42 
were one of the few structures that were painted white against a dark background. It is possible 
43 
44 
45 that such monochromatic contrast may favor female learning preferences. Color is known to 
46 
47 influence both attention (Pan, 2010) and the way in which learners remember both words and 
48 
49 pictures (Smilek et al., 2002; Spence et al., 2006). There is further evidence to suggest that the 
50 
51 
context in which color is used is also an important feature of whether color aids memory. Colors 
52 
53 
54 
55 
56 
57 
58 
59 
60 
textbook is far less stimulating than active learning and it was interesting that student enjoyment 
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1 
2 
3 memory, however incongruent colors do not (Boyatzis and Varghese, 1999; Olurinola et al., 
4 
5 
2015). Contrast is also a factor that can influence the effectiveness of color on memory 
7 
8 (Dzulkifli and Mustafar, 2013). Information on how gender may influence the effect of color on 
9 
10 attention and memory however is negligible, and further work is recommended to allow 
11 
12 
educators to fully understand the effects of color on learning in the diverse student body. 
13 
14 
15 
16 
17 As well as appearing to influence some aspects of anatomy learning, gender was also found to 
18 
19 
influence participant confidence, in particular in the area of 3D visualization of structures. 
20 
21 
22 Increases in confidence pre-post learning activity were most notable in female participants within 
23 
24 the experimental group suggesting that use of “Geoff” was particularly beneficial for this subset 
25 
26 of the student body. Spatial abilities have previously been linked to topographical anatomy 
27 
28 
performance (Rochford, 1985; Guillot et al., 2007; Hoyeck et al., 2009). There are also well 
30 
31 documented effects of gender on spatial ability, with males consistently outperforming females 
32 
33 on spatial ability tests (Maccoby and Jacklin, 1974; Peters et al., 2007; Langlois et al., 2013). 
34 
35 
Models such as “Geoff” may be fundamentally useful for providing female students with 
36 
37 
38 additional support for learning three dimensional anatomy. Providing additional resources and 
39 
40 choice for a diverse student body may therefore enhance student outcomes, as well as offering 
41 
42 
improved inclusivity. 
43 
44 
45 
46 
47 Student  Enjoyment 
48 
49 In order for students to actively engage in a learning session and get the maximum from it, 
50 
51 
student motivation, engagement and enjoyment is essential (Cake, 2006). Learning from a 
52 
53 
54 
55 
56 
57 
58 
59 
60 
random allocation of students to each study group. Though a difference in baseline knowledge 
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1 
2 
3 of the task was not significantly different between the two groups in this study. This may be 
4 
5 
because all students enjoyed the test experience (with the live horse), and this part of the session 
7 
8 influenced their questionnaire response - though this interpretation is based on the authors 
9 
10 observations and was not directly assessed. A further possibility is a “volunteering effect” 
11 
12 
whereby the students in this study, who elected to participate, were excited about the learning 
13 
14 
15 opportunity; this intrinsic motivation may have resulted in an enjoyable experience for all 
16 
17 students. This could be evaluated further once the model horse is embedded within the formal 
18 
19 
curriculum. 
20 
21 
22 
23 
24 Despite the lack of statistical significance, a far greater number of students responded negatively 
25 
26 to the Control exercise than the Experimental exercise. The Experimental group also stated 
27 
28 
overwhelmingly that “Geoff” was a useful addition to the anatomy resources at the university 
30 
31 (90%). This reports similar findings to other studies (Kinnison et al., 2009; Preece et al., 2013) 
32 
33 where models, in particular those that can be used for self-directed study, were looked upon 
34 
35 
favorably by students who appreciated the tactile and interactive nature of models. 
36 
37 
38 
39 
40 Limitations  of the study 
41 
42 
A pre-test was not included in this study, as the learning situation and the students involved fit 
43 
44 
45 the criteria laid out by Hartley and Davies (1976), suggesting a pre-test could alter the post-test 
46 
47 knowledge outcome potentially biasing results. In particular, the test situation using a live horse, 
48 
49 could itself have been a rich learning experience, thus conducting this twice (pre and post 
50 
51 
intervention) would have been problematic. Instead a control group was used, alongside true 
52 
53 
54 
55 
56 
57 
58 
59 
60 
voluntary teaching session. One reason for the low retention may be that oral exams make it 
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1 
2 
3 cannot be ruled out between the two groups, there is no reason to believe this the case, with both 
4 
5 
groups containing similar numbers of students from the two different year groups, and stating 
7 
8 similar levels of self-reported confidence in equine anatomy. However, the results of this study 
9 
10 highlight that individual differences such as knowledge, but also working memory capacity, 
11 
12 
student learning preferences, and spatial ability may be important measures to consider in future 
13 
14 
15 evaluations of this and other anatomy teaching interventions. 
16 
17 
18 
19 
The sample size for this study was small, and of a self-selecting population. This has the 
20 
21 
22 potential to increase the likelihood of a type II error occurring; however, for the main non- 
23 
24 significant result (total test score for experimental versus control groups) a power analysis 
25 
26 suggests that at 80 % power, a sample size of > 700 would have been required to observe a 
27 
28 
significant difference. This is larger than the population of students available for study, and the 
30 
31 sample appears sufficient on this occasion. Nevertheless, results by gender in particular should 
32 
33 be interpreted with caution, given the relatively low proportion of male students in the student 
34 
35 
body. It is possible that voluntary recruitment of participants (and the relatively low uptake of 
36 
37 
38 this opportunity) may have biased the study participants toward very high, or very low achieving 
39 
40 students. This is likely to represent the more highly motivated portion of the student body, and 
41 
42 
therefore the results should be interpreted in this context. 
43 
44 
45 
46 
47 This study considered medium term effects on knowledge gain, which are often neglected in 
48 
49 studies evaluating learning interventions. Retention rates were at 49 % which though resulting in 
50 
51 
significantly lower numbers of participants at the second test occasion, is still respectable for a 
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1 
2 
3 difficult to blind the assessors to student identity. Students may have chosen not to return due to 
4 
5 
this ‘exposed’ style of assessment. The low numbers of participants returning should be noted 
7 
8 when interpreting the results: in assessing differences between study groups at the immediate test 
9 
10 stage, data is presented for both the full cohort of participants and the reduced cohort for balance. 
11 
12 
13 
14 
15 CONCLUSION 
16 
17 With novel anatomical teaching methods in high demand to provide alternatives and adjuncts to 
18 
19 
cadaver dissections for student learning, "Geoff" provides an exciting innovation for teaching 
20 
21 
22 veterinary students. The results of this study showed that the painted model horse did not provide 
23 
24 significantly better test scores than the textbook when used for anatomy learning under the 
25 
26 conditions applied in this project. As hypothesized however, the test results were similar 
27 
28 
suggesting the model was at least as useful as a textbook alone for learning topographical 
30 
31 anatomy. There were apparent gender effects that suggest that more study into the influence of 
32 
33 gender on learning outcomes of a range of teaching modes would be a useful addition to the 
34 
35 
field. Students clearly found “Geoff” useful and engaging, yet not necessarily more enjoyable 
36 
37 
38 than traditional methods. As such this addition to the anatomy teaching resources will form a 
39 
40 useful complementary tool alongside traditional teaching methods, and further research may help 
41 
42 
find the area and timing in the course in which the model can best be utilized. 
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Blue and purple bars indicate data for male and female students respectively.  Shade of bar (pale 
through dark) indicates time point of assessment. A five-point Likert scale where 1 = very poor, 
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indicate data for male and female students respectively. A five-point Likert scale where 1 = not 
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